Rhizobial strains from root nodules of Astragalus mongholicus and soybean (Glycine max) were characterized phylogenetically as members of the genus Ensifer (formerly named Sinorhizobium), based on 16S rRNA gene sequence comparisons. Results based upon concatenated sequence analysis of three housekeeping genes (recA, atpD and glnII, 93.8 % similarities to known species) and average nucleotide identity (ANI) values of whole genome sequence comparisons (ranging from 89.6 % to 83.4 % to Ensifer fredii and Ensifer saheli, respectively) indicated the distinct positions of these novel strains within the genus Ensifer. Phylogeny of symbiotic genes (nodC and nifH) of three novel strains clustered them with rhizobial species Ensifer fredii and Ensifer sojae, both isolated from nodules of Glycine max. Cross-nodulation tests showed that the representative strain CCBAU 23380 T could form root nodules with nitrogen fixation capability on Glycine soja, Albizia julibrissin, Vigna unguiculata and Cajanus cajan, but failed to nodulate Astragalus mongholicus, its original host legume. Strain CCBAU 23380 T formed inefficient nodules on G. max, and it did not contain 18 : 0, 18 : 1!7c 11-methyl or summed feature 1 fatty acids, which differed from other related strains. Failure to utilize malonic acid as a carbon source distinguished strain CCBAU 23380 T from the type strains of related species. The genome size of CCBAU 23380 T was 6.0 Mbp, comprising 5624 predicted genes with DNA G+C content of 62.4 mol%. Based on the results above, a novel species, Ensifer glycinis sp. nov., is proposed, with CCBAU 23380 T (=LMG 29231 T =HAMBI 3645 T ) as the type strain.
. Controversial debates on the priority and combination of Sinorhizobium and Ensifer persisted, and Sinorhizobium is still being used widely in unofficial journals of bacterial taxonomy (Blanquet et al., 2015; Kim et al., 2015; Li et al., 2016) , especially in studies of the symbiotic relationship between rhizobia and legumes. To end the debate, the Judicial Commission of the International Committee on Systematics of Prokaryotes made a final decision that Ensifer takes priority over Sinorhizobium and should be used at least in official journals, such as the International Journal of Systematic and Evolutionary Microbiology (Young, 2010) . Since then, the names of eight novel species and new combinations have been validly published within the genus Ensifer, including Ensifer garamanticus (Merabet et al., 2010) , Ensifer numidicus (Merabet et al., 2010) , Ensifer mexicanus (Lloret et al., 2007) , Ensifer sojae (Li et al., 2011a) , Ensifer americanus (Wang et al., 2013) , Ensifer psoraleae (Wang et al., 2013) , Ensifer sesbaniae (Wang et al., 2013) and Ensifer morelensis (Wang et al., 2013) .
Rhizobial strains isolated from root nodules of species of the genus Astragalus were always classified into the genera Mesorhizobium, Rhizobium or Sinorhizobium (Yan et al., 2016; Zhao et al., 2008) . During a survey of rhizobia of the medicinal legume Astragalus mongholicus grown in an agricultusral field in Bozhou County, Anhui Province of China, three rhizobial strains (CCBAU 23380 T , CCBAU 23381 and CCBAU 23386) were isolated from the root nodules of this legume. Phylogenetic comparisons based on 16S rRNA gene sequence showed that these strains were identical to Sinorhizobium sp. II isolated from Glycine max (Guo et al., 2014; Li et al., 2011b) and had 97.7-99.6 % similarities to known species of the genus Sinorhizobium (now Ensifer) (Table 1) . However, the highest similarity was found to be only 90.8 % between the three strains and Ensifer americanum CFNEI 156 T , based on sequence comparison of the housekeeping gene recA, implying the existence of a potentially novel species. In the current study, these three strains isolated from Astragalus mongholicus, together with two strains (CCBAU 05593 and CCBAU 05617) isolated from G. max, were compared taxonomically based on the phylogeny, phenotypic characterization, chemical analysis and genome comparison. The results supported the establishment of a novel species in the genus Ensifer.
Strains CCBAU 23380
T , CCBAU 23381 andCCBAU 23386 were isolated from root nodules of Astragalus mongholicus grown in an agricultural field in Bozhou County, Anhui Province, central China, using the standard protocol (Vincent, 1970) . Strains CCBAU 05593 and CCBAU 05617 were kept in our culture collection and had been isolated previously from root nodules of G. max in two different counties in Hebei Province (Li et al., 2011b) . These strains were cultured on yeast mannitol agar (YMA) medium at 28 C (Vincent, 1970) . They could be maintained on YMA at 4 C for a short time or stored in YM broth supplemented with 20 % (w/v) glycerol at À80 C for a longer period (Vincent, 1970) .
Total genomic DNA was extracted from the strains using the guanidinium thiocyanate chloride method (Terefework et al., 2001 ) and used as template DNA for PCR amplification of the housekeeping genes (atpD, glnII and recA), symbiotic genes (nodC and nifH), 16S rRNA genes and BOX-PCR fingerprints. Primer pairs P1/P6 (Weisburg et al., 1991) , atpD255F/atpD782R, glnII12F/glnII689R and recA41F/recA640R (Vinuesa et al., 2005) were used to amplify the 16S rRNA gene and the three housekeeping genes mentioned above, respectively. The PCR products were sequenced bidirectionally or unidirectionally using their respective primers at the Beijing Genomic Institute. MEGA6 was used to align the sequences, calculate the genetic distance (or sequence similarity) and to reconstruct the phylogenetic trees (Tamura et al., 2013) . Primer BOXAIR (Versalovic, 1994) and the procedure of Nick & Lindström (1994) were used to amplify the repeated fragments. Products of BOX-PCR were separated by electrophoresis in 1.5 % (w/v) agarose gels and visualized under ultraviolet light. The BOX-PCR fingerprints were analysed using the GelCompar II software (version 4.5) and a dendrogram was reconstructed using the Jaccard similarity coefficient and the UPGMA algorithm.
BOX-PCR fingerprints of the five strains clustered them into two clusters (Fig. S1, (Fig. S1 ). The higher similarity of these five strains among themselves and the lower similarity to known species implied the existence of a potentially novel species.
The 16S rRNA and three housekeeping gene sequences of all five strains were identical to each other (Table 1) . They were clustered in a branch with E. americanum CFNEI 156
T , E. fredii USDA 205
T , E. saheli LMG 7837 T and E. sojae CCBAU 05684
T as their neighbours according to the maximum-likelihood (ML) phylogenetic tree of the 16S rRNA gene sequences (Fig. 1 ). The close relationship among the novel strains and E. americanum CFNEI 156
T and E. fredii USDA 205
T was found in ML tree based upon the concatenated sequences of recA, atpD and glnII with a 70 % bootstrap support value (Fig. 2) . The highest MLSA similarity between the five strains and the known type strains was 93.8 % for E. saheli LMG 7837 T (Table 1) .
A commercial DNA extraction Kit from TIANGEN was used to extract the whole genomic DNA of strains CCBAU 23380 T , E. americanum CFNEI 156 T and E. saheli LMG 7837 T , following the protocol included in the Kit. Genome sequencing was carried out using Illumina next-generation sequencing technology. Software SOAPdenovo2.0 and GapCloser1.05 were used for genome assembly and gap filling (Luo et al., 2015) . Average nucleotide identity (ANI) values were calculated using Jspecies (Jimenez et al., 2013; Richter & Rosselló-Móra, 2009; Saw et al., 2013) . Gene prediction was performed using Glimmer 3.0 (Delcher et al., 2007) ; tRNA genes was predicted by tRNAscan-SE (Lowe, 1997) ; and rRNA genes were detected by RNAmmer 1.2 (Lagesen et al., 2007) . Strain CCBAU 23380
T possessed a genome of approximate 6.0 Mbp, comprising 5624 predicted genes, 47 tRNAs and 3 rRNAs.
Strain CCBAU 23380
T had ANI values of 89.6 % for E. fredii USDA 205 T and 83.4 % for E. saheli LMG 7837 T , much lower than the threshold of 95 % for determining a bacterial species (Goris et al., 2007) .
Symbiotic genes were amplified using protocols and primer pairs of nodCF540/nodCR1160 (Sarita et al., 2005) and nifHF/nifHR (Laguerre et al., 2001) , respectively. These five novel strains possessed nodC and nifH genes that were identical to those of E. fredii USDA 205
T and E. sojae CCBAU 05684 T , both isolated from soybean nodules (Fig. S2) . Nodulation and cross nodulation on different legumes were carried out according to a previously described method (Vincent, 1970 formed effective nodules on Glycine soja, Albizia julibrissin, Vigna unguiculata and Cajanus cajan, but ineffective nodules on G max and Phaseolus vulgaris. No nodules were found on Astragalus mongholicus, Astragalus sinicus, Pisum sativum, Sesbania cannabina or Trifolium repens. Growth promotion was found in Medicago sativa but only small and ineffective nodules were found. The identical symbiotic genes (nodC and nifH) among strains CCBAU 23381, CCBAU 23386 and CCBAU 23380 T and two strains from soybean nodules were consistent with their same host ranges (Fig. S2) . The three strains isolated from nodules of Astragalus mongholicus may be an opportunistic entry to the nodules as reported by Li et al. (2012) .
Rhizobial cells were cultured on YMA medium at 28 C for 2 days and bacterial biomass was harvested to extract the fatty acids, which were then methylated (Dunfield et al., 1999) . Fatty acid methyl esters were separated by gas chromatograph and identified using the Sherlock Microbial Identification System (Tighe et al., 2000) and the RTSBA6 database. The major cellular fatty acids (>1 %) were summed feature 8 (18 : 1!7c/18 : 1!6c), 19 : 0 cyclo !8c, 16 : 0, summed feature 2 (14 : 0 3-OH/16 : 1 iso I/12 : 0 aldehyde?, unknown ECL 10.928) and 18 : 0 3-OH. Fatty acid 20 : 3!6,9,12c was not detected in any strains in the current study; however, it was reported in all the species within the genus Sinorhizobium (Tighe et al., 2000) . In addition, strain CCBAU 23380
T did not contain 18 : 0, 18 : 1!7c 11-methyl or summed feature 1 (15 : 1 iso H/13 : 0 3-OH) fatty acids, which clearly differed it from other related strains (Table S1 ). 
sucrose, trehalose, turanose, succinic acid. All these test strains had no activity of amylase or urease, or production of hydrogen sulfide. Voges-Proskauer reaction was negative. Negative results were obtained when all the strains were grown at pH 4.0, pH 5.0, pH 6.0, pH 11.0, or with 3 % or 4 % NaCl (w/v), and they could not grow in medium with the following antibiotics (µg ml
): kanamycin (50, 100, 300), neomycin (50, 100, 300), streptomycin (50, 100, 300), chloramphenicol (300), tetracycline (5, 50, 100, 300) or nalidixic acid (300). Positive results were obtained in the following tests: resistance (µg ml
) to chloramphenicol (5, 50, 100) and nalidixic acid (5, 50, 100), and growth with/at 1 % NaCl (w/v), pH 7.0 and pH 8.0.
Utilization of sole carbon sources:
A well-separated single colony on a YMA plate at 28 C was observed under a scanning electronic microscope to determine the cell size (Fig. S3) . Sole carbon source utilization was determined using the commercial Biolog GN2 microplate, after the method of Khalil & Alsanius (2009) . Antibiotic resistance, tolerance to NaCl, and pH and temperature ranges for growth were determined for strain CCBAU 23380
T and three closely related type strains according to methods used by Gao et al. (1994) . Amylase, catalase and urease, Voges-Proskauer reaction and production of hydrogen sulfide (H 2 S) were measured as described by Smibert & Krieg (1994) . The differential characteristics of the phenotypes determined are listed in Table 2 . The failure to utilize malonic acid as a carbon source distinguished strain CCBAU 23380
T from the type strains of the related species.
Description of Ensifer glycinis sp. nov.
Ensifer glycinis (gly.ci¢nis. N.L. gen. n. glycinis of the botanical genus Glycine, the soybean, named for its nodulation characteristics and symbiotic genes).
Cells are Gram-stain-negative, aerobic, motile, non-sporeforming rods of 0.39-0.45 µm in width and 1.13-1.16 µm in length. Colonies are circular, slightly mucous, whiteopaque, convex and 1-2 mm in diameter after 2 days of incubation on YMA at 28 C. The mean generation time is about 2.3 h under optimal culture conditions (28 C, YM medium). The species can use melibiose, D-psicose, methylpyruvate, monomethylsuccinate, acetic acid, cis-aconitic acid, D,L-lactic acid propionic acid, quinic acid, L-alanine, L-asparagine, L-aspartic acid, L-glutamic acid, L-histidine, hydroxy-L-proline, L-ornithine, L-proline, g-aminobutyric acid and glycerol as a sole carbon, which is different from other related species. Amylase, urease and catalase activities are not detected. In addition, no growth occurs in the presence of 2 % NaCl (w/v) or at pH 10.0, while it can grow at pH 9.0 and optimum growth is at pH 7.0. The major cellular fatty acids (>1 %) are summed feature 8, 19 : 0 cyclo !8c, 16 : 0, summed feature 2 and 18 : 0 3-OH. Fatty acid 20 : 3!6,9,12c is not detected. Does not contain 18 : 0, 18 : 1!7c 11-methyl or summed feature 1 fatty acids.
The type strain, CCBAU 23380 T (=LMG 29231 T =HAMBI 3645 T ), was isolated from nodules of Astragalus mongholicus in Bozhou County, Anhui province, China (GPS position: 115 39¢ 58.284 † E 33 52¢ 11.442 † N, elevation: 42.4 m) . It can form effective nitrogen fixation nodules on wild soybean (Glycine soja). Two strains (CCBAU 05593 and CCBAU 05617) isolated from soybean (Glycine max) are also identified as Ensifer glycinis. The DNA G+C content of the type strain is 62.4 mol%.
